Sphincter-preserving procedures (SPPs) for surgical treatment of low-lying rectal tumors have advanced considerably. However, their oncological safety for locally advanced low rectal cancer compared with abdominoperineal resection (APR) is contentious. We retrospectively analyzed cohort data of 1500 consecutive patients who underwent elective resection for stage II-III rectal cancer between 2010 and 2011.
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| INTRODUCTION
Abdominoperineal resection (APR) has long been the standard operation for cancers located within 5 cm from the anal verge (AV). However, sphincter-preserving procedures (SPPs) have increasingly been carried out in the last two decades and have recently been improved by more detailed anatomical understanding, improvements in surgical devices and techniques, accurate preoperative staging, and neoadjuvant therapy. 1, 2 SPPs are now technically possible even for advanced or considerably low-lying tumors. However, to determine whether this is, in fact, appropriate for advanced lesions, the oncological safety of these procedures must be confirmed.
Since Heald et al. 3 reported excellent oncological results following SPPs with meticulous total mesorectal excision, many studies have oncologically compared SPPs with APR. A systematic review summarizing 24 studies published by 2010 concluded that rates of circumferential resection margin (CRM) involvement and local recurrence (LR) were significantly lower in SPPs than in APR. 4 However, the authors also pointed out that, in these studies, tumors for APR were lower and more locally advanced. Distance from the AV is strongly associated with margin involvement and LR, [5] [6] [7] and tumor stage should therefore be addressed. Candidates for APR also included patients with tumors that were ineligible for anastomotic procedures as a result of location or worse response to preoperative treatment. Another study showed that SPPs had better survival rates over APR after adjusting for age and tumor stage. 8 However, there are no data regarding tumor height of each procedure group, and median distance from the AV in the whole study population was surprisingly 2 cm. In addition, open or laparoscopic approach, hospital caseload, and patients' physical condition are associated with selection of sphincter preservation in clinical practice, as shown in several previous studies. 2, [9] [10] [11] Moreover, many previous studies compared newer SPPs cases with older APR cases, or included many cases operated in the 1990s. The techniques and devices for rectal resection, preoperative accurate diagnosis, and preoperative treatment have advanced, especially in the last 10 years. 1 Hence, we thought that the justification of oncological safety of SPPs would still be unclear and thus warranted a further well-designed study to adjust for these confounders.
In the present study, we evaluated whether SPPs could achieve an adequate oncological clearance when confounders were adjusted. To accomplish this, we analyzed cohort data from recent cases and used propensity score matching to reduce confounding effects. 
| Data definitions
Incidence of LR was measured as the primary outcome. LR was defined as reappearance of a lesion located within the entire pelvic space diagnosed by imaging with or without biopsy; anastomotic, anterior space, presacral space, and lateral pelvic lymph node (LLN)
recurrence were included in this definition.
The T stages were stratified into T3, T4a (penetrating to the level of the surface of visceral peritoneum), and T4b (invasive or adherent to other organs or structures). 12 Stenosis was defined by inability to be traversed by the scope. Regional lymph nodes of rectal cancer included mesenteric lymph nodes along the inferior mesenteric or superior rectal arteries and LLN including the area of the obturator, internal iliac, external iliac, and common iliac. 13 Propensity score is the probability that an individual patient would have been assigned to undergo an SPPs conditional on observed covariates. [15] [16] [17] [18] The propensity score for each patient was generated using a logistic regression model based on factors poten- 2) without replacement. 19 After matching, the covariates were considered balanced if the standardized differences were within AE0.1. Because this study was a secondary analysis of data obtained from our 2013 study, the sample size was mainly determined by the number of patients for whom data were available.
All statistical analysis was done using JMP Pro version 12 software (SAS institute, Cary, NC, USA).
3 | RESULTS
| Patient characteristics
We included 794 eligible patients from the original cohort: 456 (57%) underwent SPPs and 338 (43%) underwent APR ( Figure 1 ).
Propensity scores were estimated for each patient (Table 1) , and the c-statistic indicated high discrimination ability (82%). A total of 199 patients each for SPPs and APR were eventually included in the analysis sample. patients (11% and 13%, in Figure 3 ) were consistent with results of lower lesions in the randomized COLOR-II trial (4%-13%). 6 Our data have some features such as simultaneous LLN dissection or lower rate of radiotherapy, but we surmise that our results would be generalizable to other countries because similar tendencies could be observed even after stratification by these factors (Figure 3 ). Regarding radial margin involvement rate, an established risk factor of LR, [22] [23] [24] [25] the respective results (4% and 6%) were not inferior to the CRM involvement rates from recent RCTs (3%-22%) although the radial margins as to criterion of 1 mm or 2 mm were not evaluated in the present study. [26] [27] [28] [29] However, it should be noted that most hospitals participating in the present study were leading institutes in cancer care in Japan, such as university hospitals and medical centers. SPPs cases that preoperatively were expected to undergo (13) 62 (18) 30 (15) 36 (18) Heart disease 22 (5) 23 (7) 11 (6) 13 (7) Cerebrovascular diseases 11 (2) 16 (5) 3 (2) 9 (5) Hypertension 104 (23) 84 (25) 48 (24) 45 (23) Others 88 (19) 95 (28) 40 (20) 51 (26) Clinical T stage, n (%) (14) 24 ( (6) 26 (11) À0.18 0.02 13 (7) 16 (8) À0.04 0.70
Preoperative treatment, n (%) 172 (38) 99 (29) Chemoradiation 124 (27) 73 (22) 48 (24) 52 (26) Chemotherapy 37 (8) 21 (6) 17 (9) 12 (6) Radiation 11 (2) 5 (1) 1 (1) 3 (2) Approach, n (%) complete resection at these institutions were included in the cohort, and appropriate treatment strategy and acquisition of safe surgical skills are required to achieve favorable resection for locally advanced low rectal cancer.
Negative DM are essential for local control in SPPs. The rate of DM involvement was also low in the matched SPPs patients (1%) and occurred in only three patients (0.7%) among 456 patients undergoing SPPs in the whole cohort. However, our results showed T A B L E 3 Intra-and postoperative outcomes and pathological findings for matched sample of patients undergoing SPPs and APR (15) 48 (24) (9) 28 (14) that the proportion of patients with negative DM <1 cm was not small (22%) among patients without preoperative radiotherapy and that they were likely to have a higher incidence of LR than those with margins ≥1 cm. In a meta-analysis of 13 studies, Fitzgerald et al. 30 reported that a DM greater than 1 cm was favored if radiotherapy was not used, although patients treated with radiotherapy could expect good local control even with DM less than 1 cm. In addition, the oncological local control of SPPs might be influenced by overweighting. A large cohort study by Meyerhardt et al. 31 showed that increasing BMI was associated with a higher chance of F I G U R E 3 Subgroup analysis of local recurrence for matched sample of patients undergoing sphincter-preserving procedures (SPPs) and abdominoperineal resection (APR). AV, anal verge; CI, confidence interval; HR, hazard ratio; LLN, lateral pelvic lymph node F I G U R E 2 Cumulative incidence of local recurrence for matched sample of patients undergoing sphincter-preserving procedures (SPPs) and abdominoperineal resection (APR) to the slight difference in recurrence rate. Furthermore, if a tumor directly invades the intersphincteric plane, sphincter excision and a permanent stoma are needed to achieve a clear pathological resection margin. Therefore, further study is needed to explore the indications for and contraindications to SPPs based on detailed information from preoperative magnetic resonance imaging, as recently reported by the MERCURY-II study group. 7 Third, the follow-up duration was relatively short. Although we thought that LR would generally be identified within 3 years after surgery [35] [36] [37] and some RCT were also designed to compare the OS, DFS, or LR at this time point, 6, 38, 39 longer follow up is required to confirm these results. We plan to follow up this cohort until 5 years after surgery.
In conclusion, our study identified that SPPs and APR were comparable in oncological local control, even in locally advanced low rectal cancer. Also, SPPs had advantages during hospitalization and a higher rate of salvage surgery even though the incidence of permanent stoma was not low. These findings could better support preoperative decision-making and patient counseling.
